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Abstract
Although routine bacterial culture is the traditional reference standard method for the detection of Salmonella infection in children with
diarrhoea, it is a time-consuming procedure that usually only gives results after 3–4 days. Some molecular detection methods can
improve the turn-around time to within 24 h, but these methods are not applied directly from stool or rectal swab specimens as rou-
tine diagnostic methods for the detection of gastrointestinal pathogens. In this study, we tested the feasibility of a bacterial enrichment
culture-based real-time PCR assay method for detecting and screening for diarrhoea in children caused by Salmonella. Our results
showed that the minimum real-time PCR assay time required to detect enriched bacterial culture from a swab was 3 h. In all children
with suspected Salmonella diarrhoea, the enrichment culture-based real-time PCR achieved 85.4% sensitivity and 98.1% speciﬁcity, as
compared with the 53.7% sensitivity and 100% speciﬁcity of detection with the routine bacterial culture method. We suggest that rectal
swab sampling followed by enrichment culture-based real-time PCR is suitable as a rapid method for detecting and screening for Salmo-
nella in paediatric patients.
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Introduction
Salmonella is a common cause of bacterial diarrhoea in chil-
dren, and has an especially high incidence in infancy. It is one
of the major causes of foodborne bacterial enterocolitis in
many countries. At least 1.3 billion cases of human salmonel-
losis are reported annually worldwide, and approximately
3 million patients die from the disease [1]. In the USA, an esti-
mated 1.34 million cases of foodborne salmonellosis and
more than 500 deaths are reported annually [2]. Salmonella
can infect many species of animals, but those of particular
concern with regard to human health are meat-producing ani-
mals, poultry, and reptiles, particularly pet turtles. Seasonal
peaks of salmonellosis correlate with the warm months in the
summer and autumn, when there are more foodborne out-
breaks. Various methods, such as conventional bacteriological
culturing [3], serological assays [4], PCR [5,6], and real-time
PCR methods [7,8], can detect Salmonella spp. in stools.
Conventional methods of isolating Salmonella strains take
3–5 days to complete, are laborious, and require substantial
manpower. In addition, the small number of viable organisms
present in the faeces may fail to grow in synthetic culture
media. Molecular testing has been most successful in areas
where conventional microbiological techniques do not exist,
are too slow, or are too expensive [9,10]. One of the mod-
ern techniques for the identiﬁcation of enteropathogens
relies on PCR ampliﬁcation assays with speciﬁcally designed
nucleotide primers. Several studies have shown that a direct
PCR method for the detection of enteric pathogens in stool
samples is more rapid and easier than conventional methods
[11]. Thus, many investigators suggest that PCR is safer,
more sensitive and more rapid than ordinary culture meth-
ods for the diagnosis of bacteria or viruses [12–14]. Unlike
conventional PCR, real-time PCR assays do not require fur-
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ther analysis by gel electrophoresis to conﬁrm the presence
of bacterial pathogens in the sample [15].
The collection of rectal swab samples with semigel stabiliz-
ing ingredients, which can maintain the viability of bacterial
pathogens, is an effective method for specimen collection
and transport [16,17]. The method is not only easy to use
and cost-effective, but also provides a consistent and reliable
procedure for sampling in paediatric patients. However, no
studies have reported the possibility of direct or indirect
PCR detection of Salmonella pathogens from rectal swab
samples. In this study, the possibility of developing a new
method combining bacterial enrichment culture and real-time
PCR assay to detect Salmonella in paediatric patients was
investigated.
Materials and Methods
Patients and specimen collection
One hundred and eight patients who visited the Cathay Gen-
eral Hospital suffering from diarrhoea with blood-tinged or
mucous stools were recruited for this study. The Institu-
tional Review Board of Cathay General Hospital approved
this study and received the informed consent of the partici-
pants. Both stool and rectal swab specimens were collected
from the patients for clinical diagnosis by routine bacterial
culture and by molecular detection with PCR methods.
Stools were collected in buffered glycerol–saline solution
(Creative Media Products, Taiwan) for standard examination
for Salmonella strains. Rectal swabs were collected with cot-
ton swabs and immediately put into charcoal–Amies agar gel
(Becton Dickinson, Franklin Lakes, NJ, USA) for molecular
detection with either a direct real-time PCR (for 26 patients)
or a real-time PCR following an enrichment bacterial culture
(for 92 patients).
Bacterial culture
The bacteria in stool samples were cultured and identiﬁed
with the standard method. Brieﬂy, each sample was inocu-
lated on a xylose–lysine–deoxycholate agar plate, sheep
blood agar plate, and an eosin methylene blue agar plate
(Becton Dickinson). The plates were incubated at 37C in
5% CO2 for 16–24 h. Salmonella and non-Salmonella strains
were identiﬁed by carbohydrate fermentation, Simon’s cit-
rate, hydrogen sulphide formation, indole, motility, urea and
Voges–Proskauer tests (Bio-star, Taiwan). Salmonella strains
were characterized by O-antigen serotyping, including poly-
valent, A, B, C1, C2, D1, D2, E, and Vi (Becton Dickinson).
Each sample was inoculated into 5 mL of trypticase soy
broth medium (Bio-star) and incubated at 35C for 3 h for
enrichment of bacteria collected by rectal swab before the
molecular detection process.
DNA extraction
An aliquot of the enrichment culture medium was centrifuged
at 16 000 g for 10 min. The supernatant was discarded, and
the pellet was collected for DNA extraction with a Genomic
DNA Puriﬁcation kit (Qiagen, Hilden, Germany), according to
the manufacturer’s instructions. The puriﬁed DNA was eluted
in 12 lL of DNA hydration solution. A 3-lL aliquot was used
as a template in the real-time PCR assay.
Primer and TaqMan probe design.
The primers and TaqMan probe used to detect the pan-Sal-
monella in this study were previously described by Burkhard
Malorny et al. [18]. The oligonucleotide primers for the pan-
Salmonella-speciﬁc sequence (GenBank accession no.
AF282268) (ttr-6 forward, 5¢-CTCACCAGGAGATTACAA
CATGG-3¢ (positions 4287–4309), ttr-4 reverse, 5¢-AG
CTCAGACCAAAAGTGACCATC-3¢ (positions 4359–4381))
and the oligonucleotide target probe (ttr-5, 5¢-FAM-CAC
CGACGGCGAGACCGACTTT-Dark Quencher-3¢ (posi-
tions 4336–4356)) were synthesized by Applied Biosystems
(Carlsbad, CA, USA). For the conventional PCR experiment,
primers OMPCF (ATCGCTGACTTATGCAATCG) and OM-
PCR (CGGGTTGCGTTATAGGTCTG), previously described
by Alvarez et al. [19], were used to detect the pan-Salmonella
genus.
Real-time PCR assay
Real-time ampliﬁcation was carried out on a SmartCycler
Real-Time PCR System (Cepheid, Sunnyvale, CA, USA).
Twenty-ﬁve microlitres of reaction mixture containing
100 lM primers, 100 lM probe, TaqMan Universal PCR
master mix (Applied Biosystems; manufactured by Roche
Branchburg, Branchberg, NJ, USA), and 3 lL of DNA sample
were processed for 45 cycles at 95C for 15 s and at 60C
for 1 min. The data were acquired and analysed with
Sequence Detector software (Smart Cycler Software V2.0).
Conventional PCR
A conventional PCR veriﬁed the real-time PCR results. The
PCR mixture consisted of 1 unit of Taq polymerase (TaKaRa,
Shiga, Japan) in 10 · PCR buffer with 200 lM each of the
four deoxynucleoside triphosphates, and 3 lL of DNA sam-
ple. The PCR process was performed at 95C for 1 min,
57C for 2 min, and 72C for 2 min for 30 cycles. The
ampliﬁed PCR products were separated by electrophoresis
in 1% agarose gel, and visualized with ethidium bromide
staining. Images of electrophoresis gels were obtained by use
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of a Typhoon 9410 multiple-image scanner (GE Amersham
Pharmacia Biotech, Piscataway, NJ, USA) with a 610-nm
bandpass emission ﬁlter.
Statistical analysis
The McNemar test and binomial test analysis were used to
evaluate the data. A p-value of <0.05 was considered to be
signiﬁcant.
Results
Detection of Salmonella by real-time PCR and bacterial
culture
For the study, 118 patients who had a signiﬁcant clinical
description of diarrhoea with blood-tinged stools and/or
mucus were selected. A routine bacterial culture of stool
specimens and a real-time PCR assay for the rectal swab
were performed in parallel for each child. The bacterial cul-
ture result was considered to be positive if a strain of Salmo-
nella was isolated from the xylose–lysine–deoxycholate agar
plates and identiﬁed by O-antigen serotyping. The real-time
PCR result was considered to be positive if the Ct value was
<38.
The direct real-time PCR assay showed a 26.9% (7/26)
positive rate from 26 swab samples. Table 1 shows the
results of the real-time PCR and the bacterial culture. The
positive rates for bacterial culture and real-time PCR assay
were 23.9% (22/92) and 37.0% (34/92), respectively. Of the
22 Salmonella strains isolated by the culture method, 12, one,
one and seven strains were O-antigen serotype B, C1, C2,
and D, respectively, and one was not typed.
Sixteen of the 92 cases were positive and 52 cases
were negative for Salmonella by both real-time PCR assay
and bacterial culture. However, 24 cases showed conﬂict-
ing results after the two assays: six cases were determined
as positive by the bacterial culture but negative by the
real-time PCR assay, and 18 cases were determined as
positive by real-time PCR assay but negative by bacterial
culture.
The six cases determined as positive by culture but nega-
tive by real-time PCR were serotype B (three cases) and
serotype D (three cases). The 18 cases determined as
positive by real-time PCR but negative by culture were
processed by conventional PCR to verify the results.
Conventional PCR veriﬁcation of positive cases
The positive rate for the real-time PCR assay was higher
than for the bacterial culture (37.0% vs. 23.9%). To deter-
mine whether the real-time PCR had a high false-positive
rate, all 34 cases found to be positive by real-time PCR assay
were retested by conventional PCR, using primers with dif-
ferent sequences. Table 2 shows the results. Twelve of 34
cases found to be positive by real-time PCR assay were also
found to be positive by both bacterial culture and conven-
tional PCR. Seventeen cases that were found to be positive
by real-time PCR assay were determined as negative by bac-
terial culture and positive by conventional PCR. Four cases
found to be positive by real-time PCR were found to be neg-
ative by conventional PCR and positive by bacterial culture.
Only one case was assessed as positive by real-time PCR
and negative by both of the other methods.
Performance of real-time PCR assay and bacterial culture
An ‘extended reference standard’ based on the results of the
real-time PCR assay, the bacterial culture and the conven-
TABLE 1. Comparison between real-time PCR and bacterial
culture for detection of Salmonella
Real-time PCR
Positive Negative Total
Culture-positive 16 6 22
Culture-negative 18 52 70
Total 34 58 92
TABLE 2. Comparison between conventional PCR and bac-
terial culture for veriﬁcation of 34 cases positive by real-
time PCR
Bacterial culture
Positive Negative Total
Conventional PCR-positive 12 17 29
Conventional PCR-negative 4 1 5
Total 16 18 34
TABLE 3. Performance of real-time PCR and bacterial cul-
ture as compared with the extended reference standard
Application and result
No. of cases with extended reference
standard results
Positive Negative Total
Real-time PCRa
Positive 33* 1 34
Negative 6 52 58
Total 39 53 92
Bacterial cultureb
Positive 22* 0 22
Negative 17 53 70
Total 39 53 92
aSensitivity of 84.6% (33/39), speciﬁcity of 98.1% (52/53), positive predictive
value of 97.1% (33/34), and negative predictive value of 89.7% (52/58).
bSensitivity of 56.4% (22/39), speciﬁcity of 100% (53/53), positive predictive
value of 100% (22/22), and negative predictive value of 75.7% (53/70).
*p <0.05.
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tional PCR was used to compare the performance of the
real-time PCR assay and that of the bacterial culture. Positive
cases were deﬁned as positive if the bacterial culture was
positive or if both the real-time PCR and conventional PCR
were positive. All others were deﬁned as negative. Table 3
shows the performance of the real-time PCR assay and bac-
terial culture for Salmonella detection based on this standard.
For Salmonella, the sensitivity, speciﬁcity, positive predictive
value (PPV) and negative predictive value (NPV) of the real-
time PCR assay were 84.6%, 98.1%, 97.1%, and 89.7%,
respectively. Bacterial culture showed a sensitivity, speciﬁcity,
PPV and NPV of 56.4%, 100%, 100%, and 75.7%, respectively.
Discussion
In the clinical diagnosis of Salmonella, conventional culture
methods have traditionally been considered to be the
accepted standard for the isolation and identiﬁcation of food-
borne pathogens. However, the processes of laboratory test-
ing for classical Salmonella culture and serotyping are
expensive and time-consuming. Rapid molecular detection of
Salmonella in the clinic is desirable, as physicians require nec-
essary information in the shortest possible time to allow them
to make appropriate decisions. Real-time PCR is a modern
diagnostic method that not only shortens turn-around time,
but also gives both qualitative and quantitative results for sal-
monellosis [9,20]. As compared with a direct real-time PCR
assay with a 26.9% (7/26) positive rate, a bacterial enrichment
culture followed by a real-time PCR assay provided a screen-
ing method for salmonellosis with an 84.6% sensitivity rate.
This was greater than that of bacterial culture alone, which
had a 56.4% rate (p <0.05). This approach can cover all com-
mon O-antigen serotypes including B, C1, C2, and D.
Although six strains belonging to serotypes B and D had
false-negative results with the extended standard, nine sero-
type B and four serotype D strains had positive results. We
retrospectively examined the history of the clinical course for
each patient to determine why six results were found to be
negative by real-time PCR but positive by bacterial culture.
We found that all six cases had been pretreated with antibiot-
ics before the sampling of stool specimens and rectal swabs.
In addition, only one of these pretreated cases was found to
be positive by real-time PCR and conventional PCR assay but
found to be negative by bacterial culture. We speculate that
the growth of Salmonella had been inhibited by the antibiotic
treatment. This inhibition caused low efﬁciency in the enrich-
ment culture before the real-time PCR assay. If the six antibi-
otic-pretreated cases had been excluded from our results,
the sensitivity of the real-time PCR would have been 100%.
Bacterial cultures from stools, rectal swabs and endo-
scopic biopsy specimens are used effectively in diagnosis
[21]. However, because conventional methods of isolating
Salmonella strains take 3–5 days to complete, PCR ampliﬁca-
tion assays with speciﬁcally designed nucleotide primers have
recently been developed to identify enteropathogens
[9,20,22]. Several studies have conﬁrmed that use of the
PCR method for the detection of enteric pathogens in
stool samples can achieve better results than conventional
methods [12,19,22].
In this study, we evaluated the sensitivity of real-time
PCR in detecting the DNA of Salmonella pathogens directly
from rectal swabs or following a short-term culture of the
specimens. Our results show that the minimum culture
time required to enrich bacteria from a swab is 3 h. Using
this enrichment culture-based real-time PCR assay, we
detected Salmonella pathogen DNA with 84.6% sensitivity,
98.1% speciﬁcity, 97.1% PPV, and 89.7% NPV.
In conclusion, a real-time PCR assay is faster than conven-
tional bacterial culture methods. Our data show that rectal
swab sampling followed by an enrichment culture-based real-
time PCR assay is an effective method that can be used with
children. It can provide efﬁcient and reliable results with high
sensitivity and high speciﬁcity. This method is suitable for the
detection and screening of Salmonella infection in the paediat-
ric population.
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